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SPEECH PROCESSING SYSTEM 

[0001] The present invention relates to an apparatus and 
method for decoding one or more sequences of sub-Word 
units output by a speech recognition system into one or more 
representative Words. 

[0002] The use of speech recognition systems is becoming 
more and more popular due to the increased processing 
poWer available to perform the recognition operation. Most 
speech recognition systems can be classi?ed into small 
vocabulary systems and large vocabulary systems. In small 
vocabulary systems the speech recognition engine usually 
compares the input speech to be recognised With acoustic 
patterns representative of the Words knoWn to the system. In 
the case of large vocabulary systems, it is not practical to 
store a Word model for each Word knoWn to the system. 
Instead, the reference patterns usually represent phonemes 
of a given language. In this Way, the input speech is 
compared With the phoneme patterns to generate one or 
more sequences of phonemes representative of the input 
speech. A Word decoder is then used to identify possible 
Words corresponding to the sequence or sequences of pho 
nemes. Typically the decoding of the phoneme sequences 
into these Word sequences is determined by comparing the 
phoneme sequences With Hidden Markov Models represen 
tative of the Words using a leXicon. 

[0003] The present invention aims to provide an alterna 
tive technique for decoding the phoneme sequences output 
by the recognition engine into one or more corresponding 
Words. 

[0004] According to one aspect, the present invention 
provides an apparatus for identifying one or more Words 
corresponding to a sequence of sub-Word units output by a 
recognition system in response to a rendition of the one or 
more Words, the apparatus comprising: means for receiving 
the recognised sequence of sub-Word units representative of 
the one or more Words to be recognised and for receiving a 
plurality of dictionary sub-Word sequences each represen 
tative of one or more knoWn Words; means for comparing 
sub-Word units of the recognised sequence With sub-Word 
units of each dictionary sequence to provide a set of com 
parison results; and means for identifying the one or more 
Word using the set of comparison results. 

[0005] Exemplary embodiments of the present invention 
Will noW be described in more detail With reference to the 
accompanying draWings in Which: 

[0006] FIG. 1 is a schematic block vieW of a computer 
Which may be programmed to operate an embodiment of the 
present invention; 

[0007] FIG. 2 is a schematic diagram of an overvieW of a 
speech recognition system embodying the present invention; 

[0008] FIG. 3 is a schematic block diagram illustrating the 
main components of the Word decoder Which forms part of 
the speech recognition system shoWn in FIG. 2; 

[0009] FIG. 4 is a schematic diagram Which shoWs a ?rst 
and second sequence of phonemes representative of a dic 
tionary Word and a spoken Word output by the speech 
recognition engine shoWn in FIG. 2, and a third sequence of 
phonemes Which best represents the ?rst and second 
sequence of phonemes, and Which illustrates the possibility 
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of there being phoneme insertions and deletions from the 
?rst and second sequence of phonemes relative to the third 
sequence of phonemes; 

[0010] FIG. 5 schematically illustrates a search space 
created by the sequences of phonemes for the dictionary 
Word and the spoken Word together With a start null node and 
an end null node; 

[0011] FIG. 6 is a tWo-dimensional plot With the horiZon 
tal aXis being provided for the phonemes corresponding to 
the dictionary Word and the vertical aXis being provided for 
the phonemes corresponding to the spoken Word, and shoW 
ing a number of lattice points, each corresponding to a 
possible match betWeen a phoneme of the dictionary Word 
and a phoneme of the spoken Word; 

[0012] FIG. 7a schematically illustrates the dynamic pro 
gramming constraints employed by the dynamic program 
ming alignment unit Which forms part of the Word decoder 
shoWn in FIG. 3 When the dictionary phoneme sequence 
Was generated manually; 

[0013] FIG. 7b schematically illustrates the dynamic pro 
gramming constraints employed by the dynamic program 
ming alignment unit Which forms part of the Word decoder 
shoWn in FIG. 3 When the dictionary phoneme sequence 
Was generated from speech; 

[0014] FIG. 8 schematically illustrates the deletion and 
decoding probabilities Which are stored for an eXample 
phoneme and Which are used in the scoring during the 
dynamic programming alignment process performed by the 
alignment unit shoWn in FIG. 3; 

[0015] FIG. 9 is a How diagram illustrating the main 
processing steps performed by the dynamic programming 
matching alignment unit shoWn in FIG. 3; 

[0016] FIG. 10 is a How diagram illustrating the main 
processing steps employed to propagate dynamic program 
ming paths from the null start node to the null end node; 

[0017] FIG. 11 is a How diagram illustrating the process 
ing steps involved in determining a transition score for 
propagating a path during the dynamic programming match 
ing process; 

[0018] FIG. 12a is a How diagram illustrating a ?rst part 
of the processing steps employed in calculating scores for 
deletions and decodings of the ?rst and second phoneme 
sequences corresponding to the Word renditions; and 

[0019] FIG. 12b is a How diagram illustrating a second 
part of the processing steps employed in calculating scores 
for deletions and decodings of the ?rst and second phoneme 
sequences corresponding to the Word renditions. 

[0020] Embodiments of the present invention can be 
implemented using dedicated hardWare circuits, but the 
embodiment that is to be described is implemented in 
computer softWare or code, Which is run in conjunction With 
a personal computer. In alternative embodiments, the soft 
Ware may be run in conjunction With a Workstation, photo 
copier, facsimile machine, personal digital assistant (PDA), 
Web broWser or the like. 

[0021] FIG. 1 shoWs a personal computer (PC) 1 Which is 
programmed to operate an embodiment of the present inven 
tion. Akeyboard 3, a pointing device 5, a microphone 7 and 
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a telephone line 9 are connected to the PC 1 via an interface 
11. The keyboard 3 and pointing device enable the system to 
be controlled by a user. The microphone 7 converts the 
acoustic speech signal of the user into an equivalent elec 
trical signal and supplies this to the PC 1 for processing. An 
internal modem and speech receiving circuit (not shoWn) 
may be connected to the telephone line 9 so that the PC 1 can 
communicate With, for example, a remote computer or With 
a remote user. 

[0022] The program instructions Which make the PC 1 
operate in accordance With the present invention may be 
supplied for use With the PC 1 on, for example, a storage 
device such as a magnetic disc 13 or by doWnloading the 
softWare from a remote computer over, for example, the 
Internet via the internal modem and telephone unit 9. 

[0023] The operation of the speech recognition system 14 
implemented in the PC 1 Will noW be described in more 
detail With reference to FIG. 2. Electrical signals represen 
tative of the user’s input speech from the microphone 7 are 
applied to a preprocessor 15 Which converts the input speech 
signal into a sequence of parameter frames, each represent 
ing a corresponding time frame of the input speech signal. 
The sequence of parameter frames output by the preproces 
sor 15 are then supplied to the speech recognition engine 17 
Where the speech is recognised by comparing the input 
sequence of parameter frames With phoneme models 19 to 
generate a sequence of phonemes representative of the input 
utterance. This sequence of phonemes is then input to a Word 
decoder 21 Which identi?es Words Within the generated 
phoneme sequence by comparing it With phoneme 
sequences corresponding to different Words Which are stored 
in a Word dictionary 23. 

[0024] In particular, the Word dictionary 23 includes an 
entry for each of the Words knoWn to the speech recognition 
system and, for each Word, a corresponding phoneme 
sequence representative thereof. In this embodiment, the 
Word decoder 21 initially passes an instruction signal 29 to 
the Word dictionary to cause a sub-set of the phoneme 
sequences stored in the Word dictionary 23 to be doWn 
loaded 30 into the Word decoder 21. This selected set of 
phoneme sequences are chosen so that they are representa 
tive of all the Words Within the Word dictionary 23. The Word 
decoder 21 then compares the beginning of the generated 
phoneme sequence output by the speech recognition engine 
17 With the beginning of each of the selected phoneme 
sequences and generates a comparison score for each. The 
Word decoder 21 then uses these comparison scores to 
identify the type of Words Which are scoring badly and the 
type of Words Which are scoring Well. The Word decoder 21 
then deletes the phoneme sequences Which are scoring badly 
and sends another instruction signal 29 to the Word dictio 
nary 23 to cause similar sounding Words to those that are 
scoring Well to be doWnloaded into the Word decoder 21. 
The Word decoder 21 then compares the input phoneme 
sequence against all of the relevant phoneme sequences noW 
stored in the Word decoder 21 and generates and outputs 25 
the N-best Words Which are then used by the PC 1 either to 
control the softWare applications running on the PC or for 
insertion as text into a Word processing programme running 
on the PC 1. 

[0025] Word Decoding 
[0026] FIG. 3 shoWs in more detail the components of the 
Word decoder 21 discussed above. As shoWn, there is a 
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memory 41 Which receives the phoneme sequence output 
from the speech recognition engine 17. This phoneme 
sequence is then input to an alignment unit 43 Which, in this 
embodiment, uses a dynamic programming alignment tech 
nique to compare the input phoneme sequence With a 
plurality of phoneme sequences from the Word dictionary 
23, Which are stored in the memory 47. In this embodiment, 
the alignment unit 43 performs the comparison and align 
ment of the input phoneme sequence With the dictionary 
sequences separately, but concurrently. During this align 
ment process, the scores for each alignment are input to a 
score analysis unit 45 Which analyses the scores and deter 
mines the dictionary sequences that are scoring Well and 
those that are scoring badly. In response, the analysis unit 45 
outputs a ?rst control signal 29 to the Word dictionary 23 to 
cause phoneme sequences for neW Words similar to the 
Words that are scoring Well to be doWnloaded into the 
memory 47. 

[0027] The analysis unit also outputs a second control 
signal 31 to the memory 47 to delete the dictionary 
sequences Which are scoring badly. In this Way, the score 
analysis unit 45 can dynamically control the number of 
phoneme sequences Which the dynamic programming align 
ment unit 43 aligns. This also alloWs a sub-set of the 
phoneme sequences in the Word dictionary to be initially 
loaded into the memory 47 for comparison With a neW input 
phoneme sequence. In this embodiment, this initial set of 
dictionary phoneme sequences are representative of all the 
different sounding Words in the dictionary 23. This may be 
achieved, for example, by clustering the Words in the 
dictionary 23 so that similar sounding Words are clustered 
together. Then, during a matching process, one of the Words 
from each cluster Would be loaded into the memory 47 for 
comparison With the input phoneme sequence. 

[0028] Once the input phoneme sequence has been com 
pared With all the selected dictionary sequences, the scores 
for the selected dictionary sequences are then again analysed 
by the scores analysis unit 45 to determine the dictionary 
phoneme sequence having the highest score. The Word 
corresponding to this highest scoring dictionary sequence is 
then output 25 by the scores analysis unit 45 as the Word 
representative of the input phoneme sequence. In this 
embodiment, the score analysis unit 45 also ranks the N-best 
scoring dictionary sequences and outputs these as Well. 

[0029] If the dictionary phoneme sequences Were manu 
ally generated, then it can be assumed that they are correct. 
HoWever, since the speech recognition engine 17 does not 
generate perfect decodings of the spoken utterance, the input 
phoneme sequence Will have insertions and deletions rela 
tive to the dictionary sequences. Further, there may also be 
a number of decoding errors in the input phoneme sequence 
relative to the dictionary sequences. As the skilled man Will 
appreciate, most speech recognition systems available today 
operate With Word dictionaries Which Were manually gen 
erated. HoWever, dictionaries are noW being created in 
Which the dictionary phoneme sequences are generated from 
spoken versions of the corresponding Words. Mixed dictio 
naries are also in existence Which have phoneme sequences 
Which Were generated manually and phoneme sequences 
Which Were generated by a speech recognition system. In 
this case, there may be insertions, deletions and decoding 
errors in both the input phoneme sequence and the dictio 
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nary sequences relative to some unknown canonical 
sequence of phonemes Which represents the teXt of What Was 
actually spoken. 
[0030] This is illustrated in FIG. 4, Which shoWs a pos 
sible matching betWeen a dictionary phoneme sequence 
(labelled dli, d1i+1, d1i+2 . . . ) representative of a dictionary 
Word, an input phoneme sequence (labelled dzj, d2j+1, d2j+2 
. . . ) and a sequence of phonemes (labelled pn, pn+1, pn+2 . 

. . ) Which represents a canonical sequence of phonemes of 
the teXt Which best matches the input sequence and the 
dictionary sequence. As shoWn in FIG. 4 , the dynamic 
programming alignment unit 43 must alloW for the insertion 
of phonemes in both the input and dictionary phoneme 
sequences (represented by the inserted phonemes d1i+3 and 
d2j+1) as Well as the deletion of phonemes from the input and 
dictionary phoneme sequences (represented by phonemes 
d1i+1 and d2j+2, Which are both aligned With tWo phonemes 
in the canonical sequence of phonemes) , relative to the 
canonical sequence of phonemes. 

[0031] In this embodiment, the alignment unit 43 uses a 
different scoring technique depending on Whether or not the 
dictionary Word Was generated manually or from speech. 
This information is included Within a respective label for 
each of the dictionary sequences Which is passed to the 
dynamic programming alignment unit 43. 
[0032] OvervieW of DP Alignment 
[0033] As those skilled in the art of speech processing 
knoW, dynamic programming is a technique Which can be 
used to ?nd the optimum alignment betWeen sequences of 
features, Which in this embodiment are phonemes. In this 
embodiment, the dynamic programming alignment unit 43 
calculates the optimum alignment betWeen the input 
sequence and a dictionary sequence by simultaneously 
propagating a plurality of dynamic programming paths, each 
of Which represents a possible alignment betWeen a 
sequence of phonemes from the input sequence and a 
sequence of phonemes from the dictionary sequence. All 
paths begin at a start null node Which is at the beginning of 
the tWo sequences of phonemes being aligned and propagate 
until they reach an end null node, Which is at the end of the 
tWo sequences of phonemes being aligned. 
[0034] FIGS. 5 and 6 schematically illustrate the align 
ment Which is performed and this path propagation. In 
particular, FIG. 5 shoWs a rectangular coordinate plot With 
the horiZontal aXis being provided for the dictionary pho 
neme sequence and the vertical aXis being provided for the 
input phoneme sequence. The start null node (1)5. is provided 
at the top left hand corner and the end null node (I)e is 
provided at the bottom right hand corner. As shoWn in FIG. 
6, the phonemes of the dictionary sequence are provided 
along the horiZontal aXis and the phonemes of the input 
sequence are provided doWn the vertical aXis. FIG. 6 also 
shoWs a number of lattice points, each of Which represents 
a possible alignment (or decoding) betWeen a phoneme of 
the input phoneme sequence and a phoneme of the dictio 
nary phoneme sequence. For eXample, lattice point 21 
represents a possible alignment betWeen dictionary 
sequence phoneme d13 and input sequence phoneme d21. 
FIG. 6 also shoWs three dynamic programming paths m1, 
m2 and m3 Which represent three possible alignments 
betWeen the input and dictionary phoneme sequences and 
Which begin at the start null node (I)S and propagate through 
the lattice points to the end null node (1)6. 
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[0035] In order to determine the best alignment betWeen 
the input and dictionary phoneme sequences, the dynamic 
programming alignment unit 43 keeps a score for each of the 
dynamic programming paths Which it propagates, Which 
score is dependent upon the overall similarity of the pho 
nemes Which are aligned along the path. Additionally, in 
order to limit the number of deletions and insertions of 
phonemes in the sequences being aligned, the dynamic 
programming process places certain constraints on the Way 
in Which each dynamic programming path can propagate. As 
those skilled in the art Will appreciate, the dynamic pro 
gramming constraints Which are used Will depend upon hoW 
the dictionary phoneme sequence Was generated. 

[0036] DP Constraints 

[0037] Dictionary Phoneme Sequence Generated Manu 
ally 
[0038] In the case Where the dictionary phoneme sequence 
is generated manually, there can be no phoneme deletions or 
insertions in the dictionary phoneme sequence but there can 
be phoneme deletions and insertions in the input phoneme 
sequence relative to the dictionary phoneme sequence. FIG. 
7a shoWs the dynamic programming constraints Which are 
used in this embodiment, for this case. As shoWn, if a 
dynamic programming path ends at lattice point (i,j) repre 
senting an alignment betWeen dictionary phoneme d1i and 
input phoneme dzj, then that dynamic programming path can 
propagate to the lattice points (i+1,j), (i+1,j+1), (i+1,j+2) 
and (i+1,j+3). The propagation to point (i+1,j) represents the 
case Where there is a deletion of a phoneme from the input 
sequence as compared to the dictionary sequence; the propa 
gation to the point (i+1,j+1) represents the situation Where 
there is simple decoding betWeen the neXt input phoneme 
and the neXt dictionary phoneme; the propagation to the 
point (i+1,j+2) represents the situation When there is an 
insertion of phoneme d2j+1 in the input sequence as com 
pared With the dictionary sequence and When there is a 
decoding betWeen the dictionary phoneme d1i+1 and the 
input phoneme d2j+2; and the propagation to point (i+1,j+3) 
represents the situation Where there is an insertion of tWo 
phonemes (dzj+1 and d2j+2) in the input sequence as com 
pared With the dictionary sequence and When there is a 
decoding betWeen the dictionary phoneme d1i+1 and the 
input phoneme d2j+3. 
[0039] Dictionary Sequence Generated From Speech 
[0040] In the case Where the dictionary sequence is gen 
erated from speech, phonemes can be inserted and deleted 
from both the dictionary sequence and the input sequence 
relative to the other. FIG. 7b shoWs the dynamic program 
ming constraints Which are used in this embodiment, for this 
case. In particular, if a dynamic programming path ends at 
lattice point (i,j), representing an alignment betWeen dictio 
nary phoneme d1i and input phoneme dzj, then that dynamic 
programming path can propagate to the lattice points (i+1,j), 
(i+2,j), (i+3,j), (i,j+1), (i+1,j+1), (i+2,j+1), (i,j+2), (i+1,j+2) 
and (i,j +3). These propagations therefore alloW the insertion 
and deletion of phonemes in the input and dictionary pho 
neme sequences relative to the unknoWn canonical sequence 
of phonemes corresponding to the teXt of What Was actually 
spoken. 
[0041] DP Score Propagation 
[0042] As mentioned above, the dynamic programming 
alignment unit 78 keeps a score for each of the dynamic 
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programming paths, Which score is dependent upon the 
similarity of the phonemes Which are aligned along the path. 
Therefore, When propagating a path ending at point (i,j) to 
these other points, the dynamic programming process adds 
the respective “cost” of doing so to the cumulative score for 
the path ending at point (i,j), Which is stored in a store 
(SCORE(i,j)) associated With that point. In this embodiment, 
this cost includes insertion probabilities for any inserted 
phonemes, deletion probabilities for any deletions and 
decoding probabilities for a neW alignment betWeen a pho 
neme from the input phoneme sequence and a phoneme 
from the dictionary phoneme sequence. In particular, When 
there is an insertion, the cumulative score is multiplied by 
the probability of inserting the given phoneme; When there 
is a deletion, the cumulative score is multiplied by the 
probability of deleting the phoneme; and When there is a 
decoding, the cumulative score is multiplied by the prob 
ability of decoding the tWo phonemes. 

[0043] In order to be able to calculate these probabilities, 
the system stores a probability for all possible phoneme 
combinations in memory 47. In this embodiment, the dele 
tion of a phoneme from either the ?rst or second phoneme 
sequence is treated in a similar manner to a decoding. This 

is achieved by simply treating a deletion as another pho 
neme. Therefore, if there are 43 phonemes knoWn to the 
system, then the system Will store one thousand eight 
hundred and ninety tWo (1892=43><44) decoding/deletion 
probabilities, one for each possible phoneme decoding and 
deletion. This is illustrated in FIG. 8, Which shoWs the 
possible phoneme decodings Which are stored for the pho 
neme /aX/ and Which includes the deletion phoneme ((1)) as 
one of the possibilities. As those skilled in the art Will 
appreciate, all the decoding probabilities for a given pho 
neme must sum to one, since there are no other possibilities. 

In addition to these decoding/deletion probabilities, 43 
insertion probabilities (PI( )), one for each possible phoneme 
insertion, is also stored in the memory 47. As Will be 
described later, these probabilities are determined in 
advance from training data. 

[0044] As mentioned above, in this embodiment, the 
alignment unit 43 uses a different scoring technique depend 
ing on hoW the dictionary sequence Was generated. In 
particular, if the dictionary sequence Was generated manu 
ally, then the dictionary phoneme is assumed to be correct 
and the system calculates the probability of decoding a 
phoneme (dzj) from the input phoneme sequence as a 
phoneme (dli) from the ?rst phoneme sequence as: 

[0045] Which is determined by simply looking up the 
appropriate probability stored in memory 47. HoWever, if 
the dictionary phoneme sequence Was generated from 
speech, then the alignment unit 43 calculates the probability 
of decoding a phoneme (dzj) from the input phoneme 
sequence as a phoneme (dli) from the dictionary phoneme 
sequence, by summing, over all possible phonemes p, the 
probability of decoding the phoneme p as the dictionary 
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phoneme d1i and as the input phoneme dzj, Weighted by the 
probability of phoneme p occurring unconditionally, i.e.: 

[0046] Where Np is the total number of phonemes knoWn 
to the system; p(d1i|pr) is the probability of decoding pho 
neme PI as the dictionary phoneme dli; P(d2]-|pI) is the 
probability of decoding phoneme pI as the input phoneme 
d2]; and P(pr) is the probability of phoneme PI occurring 
unconditionally. 

[0047] To illustrate the score propagations, a number of 
eXamples Will noW be considered. In the case Where the 
dictionary sequence is generated manually and for the path 
propagating from point (i,j) to point (i+1,j+2), the input 
phoneme d2j+1 is inserted relative to the dictionary phoneme 
sequence and the input phoneme d2j+2 is decoded With the 
dictionary phoneme d1i+1. Therefore, the score propagated 
to point (i+1, j+2) is given by: 

[0048] Where PI(d2]-+1) is the probability of inserting input 
phoneme d2j+1 and P(d2j+2|d1i+1) represents the probability 
of decoding dictionary phoneme d1i+1 as input phoneme 
2 

[0049] In the case Where the dictionary phoneme sequence 
Was generated from speech and When propagating from 
lattice point (i,j) to lattice point (i+2,j+1), the dictionary 
phoneme d1i+1 is inserted relative to the input phoneme 
sequence and there is a decoding betWeen dictionary pho 
neme d1i+2 and input phoneme d2j+1. Therefore, the score 
propagated to point (i+2,j+1) is given by: 

[0050] As those skilled in the art Will appreciate, during 
this path propagation, several paths Will meet at the same 
lattice point. In order that the best path is propagated, a 
comparison betWeen the scores is made at each lattice point 
and the path having the best score is continued Whilst the 
other path(s) is (are) discarded. In this Way, once the paths 
have been propagated to the end node, the score for the path 
remaining represents the similarity betWeen the input pho 
neme sequence and the dictionary phoneme sequence. As 
mentioned above, the score analysis unit 45 compares this 
score for each of the dictionary phoneme sequences to 
determine the N dictionary phoneme sequences most similar 
to the input phoneme sequence. The dictionary Words cor 
responding to these dictionary phoneme sequences are then 
retrieved from the Word dictionary and output for use by the 
PC 1. 

DETAILED DESCRIPTION OF DP ALIGNMENT 

[0051] A more detailed description Will noW be given of 
the operation of the dynamic programming alignment unit 
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43 When an input sequence is being aligned and compared 
With one of the dictionary Words. (A similar alignment and 
comparison process is performed betWeen the input 
sequence and the other selected dictionary sequences.) Ini 
tially, the scores associated With all the nodes are set to an 
appropriate initial value. The alignment unit 43 then propa 
gates paths from the null start node ((1)5) to all possible start 
points de?ned by the dynamic programming constraints 
discussed above. The dynamic programming score for the 
paths that are started are then set to equal the transition score 
for passing from the null start node to the respective start 
point. The paths Which are started in this Way are then 
propagated through the array of lattice points de?ned by the 
?rst and second phoneme sequences until they reach the null 
end node (1)6. To do this, the alignment unit 78 processes the 
array of lattice points column by column in a raster like 
technique. 
[0052] The control algorithm used to control this raster 
processing operation is shoWn in FIG. 9. As shoWn, in step 
s149, the system initialises a dictionary phoneme sequence 
loop pointer, i, and an input phoneme loop pointer, j, to Zero. 
Then in step s151, the system compares the dictionary 
phoneme sequence loop pointer i With the number of pho 
nemes in the dictionary phoneme sequence (Nseql). Initially 
the dictionary phoneme sequence loop pointer i is set to Zero 
and the processing therefore proceeds to step s153 Where a 
similar comparison is made for the input phoneme sequence 
loop pointer j relative to the total number of phonemes in the 
input phoneme sequence (Nseq2). Initially the loop pointer 
j is also set to Zero and therefore the processing proceeds to 
step s155 Where the system propagates the path ending at 
lattice point (i,j) using the dynamic programming constraints 
discussed above. The Way in Which the system propagates 
the paths in step s155 Will be described in more detail later. 
After step s155, the loop pointer j is incremented by one in 
step s157 and the processing returns to step s153. Once this 
processing has looped through all the phonemes in the input 
phoneme sequence (thereby processing the current column 
of lattice points), the processing proceeds to step s159 Where 
the loop pointer j is reset to Zero and the loop pointer i is 
incremented by one. The processing then returns to step 
s151 Where a similar procedure is performed for the neXt 
column of lattice points. Once the last column of lattice 
points has been processed, the processing proceeds to step 
s161 Where the loop pointer i is reset to Zero and the 
processing ends. 

[0053] Propagate 
[0054] In step s155 shoWn in FIG. 9, the system propa 
gates the path ending at lattice point (i,j) using the dynamic 
programming constraints discussed above. FIG. 10 is a 
?oWchart Which illustrates the processing steps involved in 
performing this propagation step. As shoWn, in step s211, the 
system sets the values of tWo variables mXi and mXj and 
initialises dictionary phoneme sequence loop pointer i2 and 
input phoneme sequence loop pointer j2. The loop pointers 
i2 and j2 are provided to loop through all the lattice points 
to Which the path ending at point (i,j) can propagate to and 
the variables mXi and mXj are used to ensure that i2 and j2 
can only take the values Which are alloWed by the dynamic 
programming constraints. In particular, mXi is set equal to i 
plus mXhops (Which is a constant having a value Which is 
one more than the maXimum number of “hops” alloWed by 
the dynamic programming constraints and in this embodi 
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ment is set to a value of four, since a path can jump at most 
to a phoneme that is three phonemes further along the 
sequence), provided this is less than or equal to the number 
of phonemes in the dictionary phoneme sequence, otherWise 
mXi is set equal to the number of phonemes in the dictionary 
phoneme sequence (Nseql). Similarly, mXj is set equal to j 
plus mXhops, provided this is less than or equal to the 
number of phonemes in the input phoneme sequence, oth 
erWise mXj is set equal to the number of phonemes in the 
input phoneme sequence (Nseq2). Finally, in step s211, the 
system initialises the dictionary phoneme sequence loop 
pointer i2 to be equal to the current value of the dictionary 
phoneme sequence loop pointer i and the input phoneme 
sequence loop pointer j2 to be equal to the current value of 
the input phoneme sequence loop pointer j. 

[0055] Since the dynamic programming constraints 
employed by the alignment unit 43 depend upon Whether the 
dictionary phoneme sequence Was generated from speech or 
Was input manually. This determination is made in step s213. 
If the dictionary Word Was generated by speech, then the 
dynamic programming path ending at lattice point (i, can 
propagate to the other points shoWn in FIG. 7b and process 
steps s219 to s235 operate to propagate this path to these 
other points. In particular, in step s219, the system compares 
the dictionary phoneme sequence loop pointer i2 With the 
variable mXi. Since loop pointer i2 is set to i and mXi is set 
equal to i+4, in step s211, the processing Will proceed to step 
s221 Where a similar comparison is made for the input 
phoneme sequence loop pointer j2. The processing then 
proceeds to step s223 Which ensures that the path does not 
stay at the same lattice point (i,j) since initially, i2 Will equal 
i and j2 Will equal j. Therefore, the processing Will initially 
proceed to step s225 Where the input phoneme loop pointer 
j2 is incremented by one. 

[0056] The processing then returns to step s221 Where the 
incremented value of j2 is compared With mXj. If j2 is less 
than mXj, then the processing returns to step s223 and then 
proceeds to step s227, Which is operable to prevent too large 
a hop along both phoneme sequences. It does this by 
ensuring that the path is only propagated if i2+j2 is less than 
i+j+mXhops. This ensures that only the triangular set of 
points shoWn in FIG. 7b are processed. Provided this 
condition is met, the processing proceeds to step s229 Where 
the system calculates the transition score (TRANSCORE) 
from lattice point (i,j) to lattice point (i2,j2). In this embodi 
ment, the transition and cumulative scores are probability 
based and they are combined by multiplying the probabili 
ties together. HoWever, in this embodiment, in order to 
remove the need to perform multiplications and in order to 
avoid the use of high ?oating point precision, the system 
employs log probabilities for the transition and cumulative 
scores. Therefore, in step s231, the system adds this transi 
tion score to the cumulative score stored for the point (i,j) 
and copies this to a temporary store, TEMPSCORE. 

[0057] As mentioned above, in this embodiment, if tWo or 
more dynamic programming paths meet at the same lattice 
point, the cumulative scores associated With each of the 
paths are compared and all but the best path (i.e. the path 
having the best score) are discarded. Therefore, in step s233, 
the system compares TEMPSCORE With the cumulative 
score already stored for point (i2,j2) and the largest score is 
stored in SCORE (i2,j2). The processing then returns to step 
s225 Where the loop pointer j2 is incremented by one and the 
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processing returns to step s221. Once the second phoneme 
sequence loop pointer j2 has reached the value of mXj, the 
processing proceeds to step s235, Where the loop pointer j2 
is reset to the initial value j and the ?rst phoneme sequence 
loop pointer i2 is incremented by one. The processing then 
returns to step s219 Where the processing begins again for 
the neXt column of points shoWn in FIG. 7b. Once the path 
has been propagated from point (i,j) to all the other points 
shoWn in FIG. 7b, the processing ends. 

[0058] If the decision block s213 determines that the 
dictionary Word Was input manually, then the processing 
proceeds to steps s241 to s251, Which are operable to 
propagate the path ending at point (i, to the points shoWn 
in FIG. 7a. In particular, in step s241, the system determines 
Whether or not the dictionary phoneme loop pointer i is 
pointing to the last phoneme in the dictionary phoneme 
sequence. If it is, then there are no more phonemes in the 
dictionary phoneme sequence and the processing ends. If the 
dictionary phoneme loop pointer i is less than Ndic-1, then 
the processing proceeds to step S243, Where the input 
phoneme loop pointer j2 is compared With mXj. Initially j2 
Will be less than mXj and therefore the processing proceeds 
to step S245 Where the system calculates the transition score 
(TRANSCORE) from point (i,j) to point (i+1,j2). This 
transition score is then added to the cumulative score 
associated With the path ending at point (i,j) and the result 
is copied to the temporary score, TEMPSCORE. The system 
then compares, in step S249, TEMPSCORE With the cumu 
lative score already stored for point (i+1,j2) and the largest 
score is stored in SCORE(i+1,j2). The processing then 
proceeds to step S251 Where the loop pointer j2 is incre 
mented by one and then the processing returns to step S243. 
Once the path Which ends at point (i,j) has been propagated 
to the other points shoWn in FIG. 7a, small j2 Will equal mXj 
and the propagation of the path ending at point (i,j) Will end. 

[0059] Transition Score 

[0060] In steps s229 and s245 the transition score from 
one point (i,j) to another point (i2,j2) or (i+1,j2) is calcu 
lated. This involves calculating the appropriate insertion 
probabilities, deletion probabilities and decoding probabili 
ties relative to the start point and end point of the transition. 
The Way in Which this is achieved in this embodiment, Will 
noW be described With reference to FIGS. 11 and 12. 

[0061] In particular, FIG. 11 shoWs a How diagram Which 
illustrates the general processing steps involved in calculat 
ing the transition score for a path propagating from lattice 
point (i,j) to lattice point (i2,j2). In step s291, the system 
calculates, for each dictionary sequence phoneme Which is 
inserted betWeen point (i,j) and point (i2,j2), the score for 
inserting the inserted phoneme(s) (Which is just the log of 
probability PI( ) discussed above) and adds this to an 
appropriate store, INSERTSCORE. The processing then 
proceeds to step s293 Where the system performs a similar 
calculation for each input sequence phoneme Which is 
inserted betWeen point (i,j) and point (i2,j2) and adds this to 
INSERTSCORE. As mentioned above, the scores Which are 
calculated are log based probabilities, therefore the addition 
of the scores in INSERTSCORE corresponds to the multi 
plication of the corresponding insertion probabilities. The 
processing then proceeds to step s295 Where the system 
calculates (in accordance With equation (1) above) the scores 
for any deletions and/or any decodings in propagating from 
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point (i,j) to point (i2,j2) and these scores are added and 
stored in an appropriate store, DELSCORE. The processing 
then proceeds to step s297 Where the system adds 
INSERTSCORE and DELSCORE and copies the result to 
TRANSCORE. 

[0062] The processing involved in step s295 to determine 
the deletion and/or decoding scores in propagating from 
point (i,j) to point (i2,j2) Will noW be described in more 
detail With reference to FIG. 12. Since the possible deletions 
and decodings depend on Whether or not the dictionary 
sequence Was generated from speech, the decision block 
s301 makes this determination. If the dictionary sequence 
Was generated from speech, then the processing proceeds to 
step s325 shoWn in FIG. 12b. OtherWise the processing 
proceeds to step s319 Where the system determines Whether 
or not the input phoneme loop pointer j2 equals the input 
phoneme loop pointer j. If it does, then the system is 
calculating the transition score from point (i,j) to point 
(i+1,j). Therefore, in this case, the dictionary phoneme d1i+1 
has been deleted from the sequence of input phonemes 
relative to the sequence of dictionary phonemes. Conse 
quently, in step s321, the system determines and copies the 
log probability of deleting dictionary phoneme d1i+1 (i.e. log 
P((I>|d1i+1)) to DELSCORE and the processing ends. If at 
step s319, the system determines that the input phoneme 
loop pointer j2 is not equal to input phoneme loop pointer j, 
then the system is calculating the transition score from point 
(i,j) to one of the points (i+1,j+1), (i+1,j+2) or (i+1,j+3). In 
this case, there are no deletions, only insertions and a 
decoding betWeen dictionary phoneme d1i+1 and input pho 
neme dZJ-Z. Therefore, in step s323, the system determines 
and copies the log probability of decoding dictionary pho 
neme d1i+1 as input phoneme dzj2 (i.e. log P(d2]-2|d1i+1)) to 
DELSCORE and the processing ends. 

[0063] If the decision block s301 determines that the 
dictionary phoneme sequence Was generated from speech, 
then the processing proceeds to step s325 Where the system 
determines if the dictionary phoneme sequence loop pointer 
i2 equals dictionary phoneme sequence loop pointer i. If it 
does, then the processing proceeds to step s327 Where a 
phoneme loop pointer r is initialised to one. The phoneme 
pointer r is used to loop through each possible phoneme 
knoWn to the system during the calculation of equation (2) 
above. The processing then proceeds to step s329, Where the 
system compares the phoneme pointer r With the number of 
phonemes knoWn to the system, Nphonemes (Which in this 
embodiment equals 43). Initially r is set to one in step s327, 
therefore the processing proceeds to step s331 Where the 
system determines the log probability of phoneme pI occur 
ring (i.e. log P(pr)) and copies this to a temporary score 
TEMPDELSCORE. If dictionary phoneme sequence loop 
pointer i2 equals dictionary phoneme loop pointer i, then the 
system is propagating the path ending at point (i,j) to one of 
the points (i,j+1), (i,j+2) or (i,j+3). Therefore, there is a 
phoneme in the input phoneme sequence Which is not in the 
dictionary phoneme sequence. Consequently, in step s333, 
the system adds the log probability of deleting phoneme pI 
from the dictionary phoneme sequence (i.e. log P(q)|prr)) to 
TEMPDELSCORE. The processing then proceeds to step 
s335, Where the system adds the log probability of decoding 
phoneme pI as input sequence phoneme dZJ-2 (i.e. log 
P(d2j2|pI)) to TEMPDELSCORE. The processing then pro 
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ceeds to step s337 Where a “log addition” of TEMP 
DELSCORE and DELSCORE is performed and the result is 
stored in DELSCORE. 

[0064] In this embodiment, since the calculation of decod 
ing probabilities (in accordance With equation (2) above) 
involves summations and multiplications of probabilities, 
and since We are using log probabilities, this “log addition” 
operation effectively converts TEMDELSCORE and 
DELSCORE from log probabilities back to probabilities, 
adds them and then reconverts them back to log probabili 
ties. This “log addition” is a Well knoWn technique in the art 
of speech processing and is described in, for eXample, the 
book entitled “Automatic Speech Recognition. The devel 
opment of the (Sphinx) system” by Lee, Kai-Fu published 
by KluWer Academic Publishers, 1989, at pages 28 and 29. 
After step s337, the processing proceeds to step s339 Where 
the phoneme loop pointer r is incremented by one and then 
the processing returns to step s329 Where a similar process 
ing is performed for the neXt phoneme knoWn to the system. 
Once this calculation has been performed for each of the 43 
phonemes knoWn to the system, the processing ends. 

[0065] If at step s325, the system determines that i2 is not 
equal to i, then the processing proceeds to step s341 Where 
the system determines if the input phoneme sequence loop 
pointer j2 equals input phoneme sequence loop pointer j. If 
it does, then the processing proceeds to step s343 Where the 
phoneme loop pointer r is initialised to one. The processing 
then proceeds to step s345 Where the phoneme loop pointer 
r is compared With the total number of phonemes knoWn to 
the system (Nphonemes). Initially r is set to one in step s343, 
and therefore, the processing proceeds to step s347 Where 
the log probability of phoneme pI occurring is determined 
and copied into the temporary store TEMPDELSCORE. The 
processing then proceeds to step s349 Where the system 
determines the log probability of decoding phoneme pI as 
dictionary phoneme d1i2 and adds this to TEMP 
DELSCORE. If the input phoneme sequence loop pointer j2 
equals loop pointer j, then the system is propagating the path 
ending at point (i,j) to one of the points (i+1,j), (i+2,j) or 
(i+3,j). Therefore, there is a phoneme in the dictionary 
phoneme sequence Which is not in the input phoneme 
sequence. Consequently, in step s351, the system determines 
the log probability of deleting phoneme pI from the input 
phoneme sequence and adds this to TEMPDELSCORE. The 
processing then proceeds to step s353 Where the system 
performs the log addition of TEMPDELSCORE With 
DELSCORE and stores the result in DELSCORE. The 
phoneme loop pointer r is then incremented by one in step 
s355 and the processing returns to step s345. Once the 
processing steps s347 to s353 have been performed for all 
the phonemes knoWn to the system, the processing ends. 

[0066] If at step s341, the system determines that input 
phoneme sequence loop pointer j2 is not equal to loop 
pointer j, then the processing proceeds to step s357 Where 
the phoneme loop pointer r is initialised to one. The pro 
cessing then proceeds to step s359 Where the system com 
pares the phoneme counter r With the number of phonemes 
knoWn to the system (Nphonemes). Initially r is set to one 
in step s357, and therefore, the processing proceeds to step 
s361 Where the system determines the log probability of 
phoneme pI occurring and copies this to the temporary score 
TEMPDELSCORE. If the loop pointer j2 is not equal to 
loop pointer j, then the system is propagating the path ending 
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at point (i,j) to one of the points (i+1,j+1), (i+1,j+2) and 
(i+2,j+1). Therefore, there are no deletions, only insertions 
and decodings. The processing therefore proceeds to step 
s363 Where the log probability of decoding phoneme pI as 
dictionary phoneme d1i2 is added to TEMPDELSCORE. The 
processing then proceeds to step s365 Where the log prob 
ability of decoding phoneme pI as input phoneme dzj2 is 
determined and added to TEMPDELSCORE. The system 
then performs, in step s367, the log addition of TEMP 
DELSCORE With DELSCORE and stores the result in 
DELSCORE. The phoneme counter r is then incremented by 
one in step s369 and the processing returns to step s359. 
Once processing steps s361 to s367 have been performed for 
all the phonemes knoWn to the system, the processing ends. 

[0067] Training 

[0068] In the above embodiment, the dynamic program 
ming alignment unit 78 used 1892 decoding/deletion prob 
abilities and 43 insertion probabilities to score the dynamic 
programming paths in the phoneme alignment operation. In 
this embodiment, these probabilities are determined in 
advance during a training session and are stored in the 
memory 47. In particular, during this training session, a 
speech recognition system is used to provide a phoneme 
decoding of speech in tWo Ways. In the ?rst Way, the speech 
recognition system is provided With both the speech and the 
actual Words Which are spoken. The speech recognition 
system can therefore use this information to generate the 
canonical phoneme sequence of the spoken Words to obtain 
an ideal decoding of the speech. The speech recognition 
system is then used to decode the same speech, but this time 
Without knoWledge of the actual Words spoken (referred to 
hereinafter as the free decoding). The phoneme sequence 
generated from the free decoding Will differ from the canoni 
cal phoneme sequence in the folloWing Ways: 

[0069] i) the free decoding may make mistakes and 
insert phonemes into the decoding Which are not 
present in the canonical sequence or, alternatively, 
omit phonemes in the decoding Which are present in 
the canonical sequence; 

[0070] ii) one phoneme may be confused With 
another; and 

[0071] iii) even if the speech recognition system 
decodes the speech perfectly, the free decoding may 
nonetheless differ from the canonical decoding due 
to the differences betWeen conversational pronuncia 
tion and canonical pronunciation, e.g., in conversa 
tional speech the Word “and” (Whose canonical 
forms are /ae/ /n/ /d/ and /aX/ /n/ /d/) is frequently 
reduced to /aX/ /n/ or even /n/. 

[0072] Therefore, if a large number of utterances are 
decoded into their canonical forms and their free decoded 
forms, then a dynamic programming method (similar to the 
one described above) can be used to align the tWo. This 
provides counts of What Was decoded, d, When the phoneme 
should, canonically, have been a p. From these training 
results, the above decoding, deletion and insertion probabili 
ties can be approximated in the folloWing Way. 
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[0073] The probability that phoneme, d, is an insertion is 
given by: 

1 5 
PI(d) = I; ( ) 

[0074] Where Id is the number of times the automatic 
speech recognition system inserted phoneme d and nod is the 
total number of decoded phonemes Which are inserted 
relative to the canonical sequence. 

[0075] The probability of decoding phoneme p as pho 
neme d is given by: 

[0076] Where Cdp is the number of times the automatic 
speech recognition system decoded d When it should have 
been p and 11p is the number of times the automatic speech 
recognition system decoded anything (including a deletion) 
When it should have been p. 

[0077] The probability of not decoding anything (i.e. there 
being a deletion) When the phoneme p should have been 
decoded is given by: 

[0078] Where Op is the number of times the automatic 
speech recognition system decoded nothing When it should 
have decoded p and 11p is the same as above. 

Alternative Embodiments 

[0079] As those skilled in the art Will appreciate, Whilst the 
term “phoneme” has been used throughout the above 
description, the present application is not limited to its 
linguistic meaning, but includes the different sub-Word units 
that are normally identi?ed and used in standard speech 
recognition systems. In particular, the term “phoneme” 
covers any such sub-Word unit, such as phones, syllables or 
katakana (Japanese alphabet). 

[0080] As those skilled in the art Will appreciate, the above 
description of the dynamic programming alignment of the 
sequences of phonemes Was given by Way of eXample only 
and various modi?cations can be made. For eXample, Whilst 
a raster scanning technique for propagating the paths 
through the lattice points Was employed, other techniques 
could be employed Which progressively propagate the paths 
through the lattice points. Additionally, as those skilled in 
the art Will appreciate, dynamic programming constraints 
other than those described above may be used to control the 
matching process. 

[0081] In the above embodiment, When the dictionary 
phoneme Was generated from speech, the dynamic program 
ming alignment unit calculated decoding scores for each 
transition using equation (2) above. Instead of summing 
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over all possible phonemes knoWn to the system in accor 
dance With equation (2), the dynamic programming align 
ment unit may be arranged, instead, to identify the unknoWn 
phoneme, p, Which maXimises the probability term Within 
the summation and to use this maXimum probability term as 
the probability of decoding the corresponding phonemes in 
the input sequences. 

[0082] In the above embodiment, the insertion, deletion 
and decoding probabilities Were calculated from statistics of 
the speech recognition system using a maXimum likelihood 
estimate of the probabilities. As those skilled in the art of 
statistics Will appreciate, other techniques, such as maXi 
mum entropy techniques, can be used to estimate these 
probabilities. Details of a suitable maXimum entropy tech 
nique can be found at pages 45 to 52 in the book entitled 
“Maximum Entropy and Bayesian Methods” published by 
KluWer Academic publishers and Written by John Skilling, 
the contents of Which are incorporated herein by reference. 

[0083] In the above embodiments, a dynamic program 
ming algorithm Was used to align the sequence of phonemes 
output by the speech recognition engine With each dictionary 
phoneme sequence. As those skilled in the art Will appreci 
ate, any alignment technique could be used. For eXample, a 
naive technique could be used Which considers all possible 
alignments. HoWever, dynamic programming is preferred 
because of its ease of implementation using standard pro 
cessing hardWare. Additionally, Whilst in the above embodi 
ment, the dynamic programming alignment unit determined 
the “best” alignment betWeen the input sequences of pho 
nemes, this may not, in some applications, be strictly nec 
essary. For eXample, the second, third or fourth best align 
ment may be used instead. 

[0084] In the embodiment described above, during the 
dynamic programming algorithm, equation (2) Was calcu 
lated for each aligned pair of phonemes When the dictionary 
sequence Was generated from speech. In the calculation of 
equation (2), the dictionary sequence phoneme and the input 
sequence phoneme Were compared With each of the pho 
nemes knoWn to the system. As those skilled in the art Will 
appreciate, for a given dictionary sequence phoneme and 
input sequence phoneme pair, many of the probabilities 
given in equation (2) Will be equal to or very close to Zero. 
Therefore, in an alternative embodiment the aligned pho 
nemes may only be compared With a subset of all the knoWn 
phonemes, Which subset is determined in advance from the 
training data. To implement such an embodiment, the input 
phonemes to be aligned could be used to address a lookup 
table Which Would identify the phonemes Which need to be 
compared With them using equation 

[0085] In the above embodiment, the same phoneme con 
fusion probabilities Were used for both the input phoneme 
sequence to be recognised and the dictionary phoneme 
sequences. As those skilled in the art Will appreciate, if 
different recognition systems are used to generate these, then 
different phoneme confusion probabilities should be used, 
since these depend upon the recognition system that Was 
used to generate the phoneme sequences. 

[0086] A number of embodiments and modi?cations have 
been described above. As those skilled in the art Will 
appreciate, there are many other embodiments and modi? 
cations Which Will be apparent to those skilled in the art. 
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1. An apparatus for identifying one or more Words cor 
responding to a sequence of sub-Word units output by a 
recognition system in response to a rendition of the one or 
more Words, the apparatus comprising: 

?rst receiving means for receiving the recognised 
sequence of sub-Word units representative of the one or 
more Words to be identi?ed; 

second receiving means for receiving a plurality of dic 
tionary sub-Word sequences, each representative of one 
or more knoWn Words; 

means for comparing sub-Word units of the recognised 
sequence With sub-Word units of each dictionary 
sequence to provide a set of comparison results; 

means for combining the comparison results obtained by 
comparing the sub-Word units of the recognised 
sequence With the sub-Word units of the same dictio 
nary Word to provide, for each dictionary Word, a 
measure of the similarity betWeen the recognised 
sequence and the dictionary sequence; and 

means for identifying said one or more Words using the 
similarity rneasures provided by the combining means 
for all the dictionary sequences. 

2. An apparatus according to claim 1, Wherein said 
cornparing means is operable to compare the recognised 
sequence With the plurality of dictionary sequences concur 
rently. 

3. An apparatus according to claim 1, Wherein said 
cornparing means comprises: 

means for aligning sub-Word units of the recognised 
sequence With the sub-Word units of a current dictio 
nary sequence to form a number of aligned pairs of 
sub-Word units; and 

a sub-Word cornparator for comparing the sub-Word units 
of each aligned pair to generate a comparison score 
representative of the similarity betWeen the sub-Word 
units of the aligned pair; and 

Wherein said cornbining means is operable to combine the 
comparison scores for all the aligned pairs of sub-Word 
units for the current dictionary sequence to provide said 
measure of the similarity betWeen the recognised 
sequence and the current dictionary sequence. 

4. An apparatus according to claim 3, Wherein said 
sub-Word unit cornparator cornprises: 

?rst cornparing means for comparing, for each aligned 
pair, the recognised sequence sub-Word unit in the 
aligned pair With each of a plurality of sub-Word units 
taken from a set of predetermined sub-Word units, to 
provide a corresponding plurality of comparison scores 
representative of the similarities betWeen the recogn 
ised sequence sub-Word unit and the respective sub 
Word units of the set; 

second cornparing means for comparing, for each aligned 
pair, the dictionary sequence sub-unit in the aligned 
pair With each of said plurality of sub-Word units from 
the set to provide a further corresponding plurality of 
comparison scores representative of the similarities 
betWeen said dictionary sequence sub-Word unit and 
the respective sub-Word units of the set; 
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means for combining the comparison scores obtained 
When comparing the recognised and dictionary 
sequence sub-Word units in the aligned pair With the 
same sub-unit from the set, to generate a plurality of 
combined cornparison scores for each aligned pair; and 

means for determining said cornparison score represen 
tative of the similarity betWeen the aligned pair of 
sub-Word units in dependence upon said plurality of 
intermediate cornparison scores for the aligned pair. 

5. An apparatus according to claim 4, Wherein said ?rst 
and second cornparing means are operable to compare the 
recognised sequence sub-Word unit and the dictionary 
sequence sub-Word unit respectively With each of the sub 
Word units in the set of sub-Word units. 

6. An apparatus according to claim 4, Wherein said ?rst 
and second cornparing means are operable to provide inter 
mediate cornparison scores Which are indicative of a prob 
ability of confusing the corresponding sub-Word unit taken 
from a set of predetermined sub-Word units as the sub-Word 
unit in the aligned pair. 

7. An apparatus according to claim 6, Wherein said 
cornbining means is operable to combine the comparison 
scores in order to multiply the probabilities of confusing the 
corresponding sub-Word unit taken from the set as the 
sub-Word units in the aligned pair. 

8. An apparatus according to claim 7, Wherein each of said 
sub-Word units in said set of predetermined sub-Word units 
has a predetermined probability of occurring Within a 
sequence of sub-Word units and Wherein said cornbining 
means is operable to Weigh each of said cornbined compari 
son scores in dependence upon the respective probability of 
occurrence for the sub-Word unit of the set used to generate 
the combined cornparison score. 

9. An apparatus according to claim 8, Wherein said 
cornbining means is operable to combine said interrnediate 
cornparison scores by calculating: 

Where d1i and d2j are an aligned pair of dictionary and 
recognised sequence sub-Word units respectively; 
P(d2]-|pI) is the intermediate cornparison score output by 
said ?rst cornparing means and is representative of the 
probability of confusing set sub-Word unit pI as recog 
nised sequence sub-Word unit dzj; P(dli|pr) is the corn 
parison score output by said second cornparing means 
and is representative of the probability of confusing set 
sub-Word unit pI as dictionary sequence sub-Word unit 
dli; and P(pr) is a Weight Which represents the prob 
ability of set sub-Word unit pI occurring in a sequence 
of sub-Word units. 

10. An apparatus according to claim 9, Wherein the 
confusion probabilities for the recognised sequence sub 
Word units and the dictionary sequence sub-Word units are 
determined in advance and depend upon the recognition 
system that Was used to generate the respective sub-Word 
unit sequences. 

11. An apparatus according to claim 7, Wherein said 
interrnediate cornparison scores represent log probabilities 
and Wherein said cornbining means is operable to multiply 
said probabilities by adding the respective interrnediate 
cornparison scores. 

12. An apparatus according to claim 1, Wherein said 
cornparing rneans has a plurality of different cornparison 
modes of operation and in that the apparatus further corn 
prises: 
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means for determining if the current dictionary sequence 
of sub-Word units Was generated from an audio input or 
a typed input and for outputting a determination result; 
and 

means for selecting, for the current dictionary sub-Word 
sequence, the mode of operation of said comparing 
means in dependence upon said determination result. 

13. An apparatus according to claim 4, Wherein each of 
the sub-Word units in said dictionary and recognised 
sequences of sub-Word units belong to said set of predeter 
mined sub-Word units and Wherein said ?rst and second 
comparing means are operable to provide said comparison 
scores using predetermined data Which relate the sub-Word 
units in said set to each other. 

14. An apparatus according to claim 13, Wherein said 
predetermined data comprises, for each sub-Word unit in the 
set of sub-Word units, a probability for confusing that 
sub-Word unit With each of the other sub-Word units in the 
set of sub-Word units. 

15. An apparatus according to claim 1, Wherein said 
aligning means comprises dynamic programming means for 
aligning said dictionary and recognised sequences of sub 
Word units using a dynamic programming technique. 

16. An apparatus according to claim 1, Wherein each of 
said sub-Word units represents a phoneme. 

17. A speech recognition system comprising: 

means for receiving speech signals to be recognised; 

means for storing sub-Word unit models; 

means for comparing the received speech signals With the 
sub-Word unit models to generate one or more 
sequences of sub-Word units representative of the 
received speech signals; 

a Word dictionary relating sequences of sub-Word units to 
Words; and 

a Word decoder for processing the one or more sequences 
of sub-Word units output by said comparing means 
using the Word dictionary to generate one or more 
Words corresponding to the received speech signals; 

characterised in that said Word decoder comprises: 

?rst receiving means for receiving the recognised 
sequence of sub-Word units representative of the 
received speech signals; 

second receiving means for receiving from said Word 
dictionary a plurality of dictionary sub-Word 
sequences, each representative of one or more knoWn 

Words; 

means for comparing sub-Word units of the recognised 
sequence With sub-Word units of each received dictio 
nary sequence to provide a set of comparison results; 

means for combining the comparison results obtained by 
comparing the sub-Word units of the recognised 
sequence With the sub-Word units of each received 
dictionary Word to provide a respective measure of the 
similarity betWeen the recognised sequence and each 
received dictionary sequence; and 

means for identifying said one or more Words using the 
similarity measures provided by the combining means. 
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18. A method of identifying one or more Words corre 
sponding to a sequence of sub-Word units output by a 
recognition system in response to a rendition of the one or 
more Words, the method comprising the steps of: 

a ?rst receiving step of receiving the recognised sequence 
of sub-Word units representative of the one or more 
Words to be identi?ed; 

a second receiving step of receiving a plurality of dictio 
nary sub-Word sequences, each representative of one or 
more knoWn Words; 

comparing sub-Word units of the recognised sequence 
With sub-Word units of each dictionary sequence to 
provide a set of comparison results; 

combining the comparison results obtained by comparing 
the sub-Word units of the recognised sequence With the 
sub-Word units of the same dictionary Word to provide, 
for each dictionary Word, a measure of the similarity 
betWeen the recognised sequence and the dictionary 
sequence; and 

identifying said one or more Words using the similarity 
measures provided by the combining step for all the 
dictionary sequences. 

19. A method according to claim 18, Wherein said com 
paring step compares the recognised sequence With the 
plurality of dictionary sequences concurrently. 

20. A method according to claim 18, Wherein said com 
paring step comprises the steps of: 

aligning sub-Word units of the recognised sequence With 
the sub-Word units of a current dictionary sequence to 
form a number of aligned pairs of sub-Word units; and 

a sub-Word unit comparing step of comparing the sub 
Word units of each aligned pair to generate a compari 
son score representative of the similarity betWeen the 
sub-Word units of the aligned pair; and 

Wherein said combining step combines the comparison 
scores for all the aligned pairs of sub-Word units for the 
current dictionary sequence to provide said measure of 
the similarity betWeen the recognised sequence and the 
current dictionary sequence. 

21. A method according to claim 20, Wherein said sub 
Word unit comparing step comprises the steps of: 

a ?rst comparing step of comparing, for each aligned pair, 
the recognised sequence sub-Word unit in the aligned 
pair With each of a plurality of sub-Word units taken 
from a set of predetermined sub-Word units, to provide 
a corresponding plurality of comparison scores repre 
sentative of the similarities betWeen the recognised 
sequence sub-Word unit and the respective sub-Word 
units of the set; 

a second comparing step of comparing, for each aligned 
pair, the dictionary sequence sub-unit in the aligned 
pair With each of said plurality of sub-Word units from 
the set to provide a further corresponding plurality of 
comparison scores representative of the similarities 
betWeen said dictionary sequence sub-Word unit and 
the respective sub-Word units of the set; 

combining the comparison scores obtained When compar 
ing the recognised and dictionary sequence sub-Word 
units in the aligned pair With the same sub-unit from the 






